In this work, for the first time, comparative studies of biological activity of low intensity continuous, quasi-continuous and pulsed laser radiation of nano-and picosecond time ranges with the same average power density are carried out. It is shown, that, despite the significant differences in peak values of intensity of acting factor, both continuous and quasi-continuous radiation and radiation of nano-and picosecond ranges are able to have both stimulating and inhibiting effects on all investigated parameters of functional activity of biological systems in a certain range of dose rates.
Introduction
Despite the progress in the practical use of low-intensity laser radiation in medicine and agriculture [1] [2] [3] [4] [5] [6] , question about mechanism of biological activity of mentioned physical factor is still open [2, 4] . As a rule, the basic studies are carried out using a continuous radiation; biological effect of pulsed radiation of nano-and picosecond ranges is studied poorly. The main reasons of this are the lack of available sources of radiation with stable parameters as well as well-established biological models providing reception of statistically significant, well-reproducible results upon exposure to low-intensity optical radiation. It is commonly accepted to carry out the studies of regularities of biological action of physical factors at organism level using experimental animals (rats, rabbits) comparing the effect of physical fileds with 3-4 parameters which are important, in opinion of the experimentalist, for a reasonable conclusion.
However, due to complexity of multiple experiments on laboratory animals, researcher in comparative experiments has to be limited to any single fixed value of the radiation dose that causes change in controlled biological parameters. It does not allow finding out the general regularities in the action of that or another physical factor and can even lead to false conclusion. Furthermore, due to heterogeneity of biological species, reliability of the results is often insufficient to make a reasonable conclusion. For this reason, taking into account the complexity of experiments on animals (requiring [3] [4] [5] replicates per experimental point), quantitative studies at organism level with parameters of acting factors varying in a wide range are practically absent in the literature. It is not coincidence that the main conclusions about the mechanism of biological effect of laser radiation were made in the experiments with cell cultures or blood cells. In this regard, we proposed to use fish embryos (fertilized eggs), zooplankton, and fish sperm as a model to study the mechanisms and regularities of action of physical fields at organism level. In our opinion, the attractiveness of the use of mentioned objects is determined by, on the one hand, possibility of choice of a large number of similar species (obtained from one manufacturer), on the other hand, -good sensitivity of mentioned biological objects to the action of physical fields, reproducibility of results, their high reliability, and correspondence to the data, obtained upon exposure of experimental animals to radiation.
The aim of the present work is comparative studies of biological activity of continuous, quasi-continuous and pulsed laser radiation of nano-and picosecond time ranges of low intensity with equal average power density (3,0 mW/cm 2 ).
Materials and methods
Zooplankton (branchiopod crustaceans) Artemia salina L. and sturgeon sperm were Raman self-frequency conversion) spectral region were also carried out. Power density (P) -3 mW/cm 2 .
Results and Discussion
It is shown, for the first time, that, despite the significant differences in peak values of intensity of acting factor, both continuous and quasi-continuous radiation and radiation of nano-and picosecond ranges are able to have both stimulating and inhibiting effects on all investigated parameters of functional activity of biological systems in a certain range of dose rates.
As Note also that the presence of extreme points in the absorption spectrum of aqueous solutions of macromolecules in = 1100 -2500 nm is almost completely determined by the solvent.
In our opinion, most likely that dissolved molecular oxygen and water can act as acceptors of laser radiation of near infrared spectral region, determining its biological effects. Despite the small molar extinction coefficient there are data confirming the possibility of direct triplet-singlet excitation of molecular oxygen. Accounting low value of molar extinction coefficient of such transition and relatively low power density of exciting radiation (3 mW/cm
2 ) the concentration of singlet oxygen in biological system is sufficiently small to generate noticeable destructive action. Most likely that its formation in biological system can play signal (trigger) function that influences the bio-chemical and physiological processes in organism, for example, such as starting apoptosis. However, the presence of biological effects when exposed to radiation cysts nauplii, out of the corresponding bands for direct excitation of singlet oxygen, suggests that in addition to molecular oxygen a water -an universal biological environment, which plays a leading role in the maintenance and regulation of homeostasis in living systems can be an acceptor of laser radiation near-infrared region of the spectrum.
Conclusions
It is found that biological effect of laser radiation controlled on functional activity of zooplankton and sturgeon sperm is strongly dependent on the mode of acting radiation under conditions with similar average power density. We showed for the first time that, despite the significant differences in the peak intensities of acting factor, both continuous and quasi-continuous radiation, as well as radiation of nanoand picosecond time ranges was able in a certain range of dose rates to have both stimulating and inhibiting effect on all the studied parameters of functional activity of biological systems.
The ability of laser radiation of near infra-red spectral region (800 -1340 nm) located out the absorption bands of main chromophores of cells to have regulatory effect on biochemical processes that control the hatching of branchiopod crustaceans Artemia salina L. upon irradiation of their cysts is revealed. Molecular oxygen can be potential acceptor of radiation of near infra-red spectral region and observed photobiological effect can be caused by direct excitation of singlet oxygen and its further influence as signal (trigger) molecule on the physiological processes. In addition to oxygen, water can also be the acceptor of laser radiation since the absorption of aqueous solutions of biological molecules in the spectral region of = 1200 -2500 nm is fully due to solvent.
